With just two R-parity violating couplings, λ ′ 223 and λ ′ 323 , we correlate several channels, namely, Ds → ℓν (ℓ = µ, τ ), (g − 2)µ, and some lepton flavor violating τ decays. For λ ′ 223 = λ ′ 323 ∼ 0.3 and for a common superpartner mass of 300 GeV, which explain the recently observed excesses in the above Ds decay channels, we predict the following R-parity violating contributions: Br(τ → µγ) ∼ 4.5 · 10 −8 , Br(τ → µµµ) ∼ 1.2 · 10 −8 , Br(τ → µη/η ′ ) ∼ 4 · 10 −10 , and (gµ − 2)/2 ∼ 4 · 10 −11 . We exhibit our results through observable versus observable correlation plots. 
Motivation
While all attention is now focused on the Large Hadron Collider (LHC) as a possible gold mine of physics beyond the standard model (SM), one should not lose sight of other territories rich with new physics, e.g., lepton flavor violating (LFV) rare decays, which could provide complementary information. Ever since neutrino flavor mixing was established, interests for observing flavor violation in charged lepton decays have boomed. While in the neutrino sector flavor violation could be rather large (maximal between ν µ and ν τ ), in the charged lepton decays there is no sign of flavor violation as yet. The SM contributions to charged LFV decays are quite small, orders of magnitude below the current experimental sensitivity, due to the smallness of neutrino mass. Hence, any observation of LFV processes in the charged lepton sector, which are being probed with ever increasing sensitivity, would unambiguously point to non-standard interactions. Indeed, such indirect observations taken in isolation may not imply much on the exact nature of new physics. But a study of possible correlations of its effects on different independently measured charged LFV observables might provide a powerful cross-check and lead to identification of new physics through LHC/LFV synergy. In this paper, we consider R-parity violating (RPV) supersymmetry [1] and perform a correlation analysis of its numerical impact on different LFV τ decays. We also study at tandem the RPV contribution to (g − 2) µ , an observable which continues to provide a 3σ room for new physics despite significantly improved theoretical and experimental accuracies.
R-parity is a discrete symmetry, which is defined as R = (−1) 3B+L+2S , where B, L, and S are the baryon number, lepton number and spin of a particle, respectively. R is 1 for all SM particles and −1 for their superpartners. The usual assumption of B and L conservation in supersymmetric models are not supported by any deep underlying principle. The L-violating λ ′ -type superpotential is written as W = λ
D s → ℓν and the f D s anomaly
The branching fraction of the leptonic decay D s → ℓν (ℓ = µ, τ ) is given by
where τ Ds is the lifetime of D s . The decay constant is defined as 0 |sγ µ γ 5 c| D s = if Ds p µ , where p µ is the momentum of D s . The branching ratio has a helicity suppression factor characterized by m 2 ℓ on account of a spin-zero particle decaying into two spin-half particles. Monte-Carlo simulations of QCD on lattice predict f Ds = 241 ± 3 MeV [8] . The experimental average is somewhat higher: f Ds = 277 ± 9 MeV [9] [10] [11] . The enhancements are (13 ± 6)% in the muon channel, (18 ± 8)% in the tau channel, and (15 ± 5)% on average. On the other hand, the lattice estimate and the experimentally obtained value for f D seem to be in perfect agreement around 206 MeV [8] . The latter suggests that the discrepancy in f Ds may very well be influenced by new physics contributing in a flavor specific way to D s decay. Note that D s → ℓν in the SM proceeds at tree level and it is Cabibbo-allowed. Hence, loop suppressed new physics is an unlikely candidate to account for the discrepancy. Leptoquark or charged Higgs interactions have been advocated in this context as they provide new tree amplitudes for the above decay [12] . Our candidate is supersymmetric RPV interaction and our chosen couplings, λ ′ 223 and λ ′ 323 , contribute to D s → ℓν ℓ (ℓ = µ, τ ) viab R -exchanged tree graphs [4] . The net contribution to the D s → µν channel can be obtained by replacing
For D s → τ ν, we must do the replacements λ
Anomalous magnetic moment of the muon
The effective vertex of photon with any charged fermion is given bȳ
The muon magnetic moment for f = µ is given by µ = g µ e 2mµ s. At tree level, F 1 (0) = 1 and F 2 (0) = 0. Quantum correction yields a µ ≡ F 2 (0) = 0, while F 1 (0) remains unity at all order due to charge conservation. Since g µ ≡ 2 (F 1 (0) + F 2 (0)), it follows that a µ ≡ (g µ − 2)/2. As per current estimation [13] , the room for new physics is given by
The coupling λ ′ 223 induces a contribution to a µ , which proceeds through the diagrams in Fig. 1 . The quarks and squarks 
The ξ-functions used throughout our analysis are given by
4 τ
The decay τ → µ − µ + µ − proceeds through photon and Z penguins ( Fig. 2 ) and box graph (Fig. 3) . We consider each of them below. Here flavor violation is induced by λ 
Photon penguin
The amplitude of the photon exchanged diagrams for τ − → µ − µ − µ + decay can be written as
where q is the photon momentum. The form-factors A L and A R are induced by the flavor-changing λ ′ * 223 λ ′ 323 couplings. Each penguin diagram will have a quark (q) and a squark (q) inside the loop. There are two such sets:
and
. We obtain
The magnetic form-factor is given by
Z-boson penguin
The Z-mediated penguin amplitude for the process τ
The Z boson couplings with the left-and right-chiral fermions are given by
The λ ′ * 223 λ ′ 323 -induced contribution to the form-factor F L proceeds through two sets of penguins: (q = c c ,q =b R ) and
Box contribution
The λ ′ 223 and λ ′ 323 couplings also induce a box graph for τ − → µ − µ − µ + with internal quark and squark lines. Again, two sets of box diagrams contribute (q = c c ,q =b R ) and (q = b,q =c * L ). The amplitude is given by
For the sake of convenience, we normalize B L with a prefactor e 2 , though no gauge interaction is actually involved:
The branching ratio
The total decay amplitude of this process is the sum of the penguin and box contributions, given by
is given in terms of the different form-factors [14] :
where Γ τ is the total decay width of τ . Our form-factors (A L , A R , B L , F LL , F LR ) are all real. The expressions of F LL and F LR are given by,
Radiative decay τ → µγ
We have shown in Fig. 4 how λ ′ 223 together with λ ′ 323 drive the magnetic transition τ → µγ. The amplitude for this transition is given by
where ǫ µ is the photon polarization. The expression for A R can be found in Eq. (9) . In the amplitude we have neglected a similar term proportional to m µ . The branching ratio for this radiative decay mode is given by (neglecting any m µ -dependent term) The Z-boson mediated penguin amplitude for τ → µqq is given by
where a 
The form-factor D L is given by
where f (r) has already been expressed in Eq. (14), while f ′ (r) is given by
Using Eqs. (19-22) we obtain the branching ratio,
The decay constants involving η and η ′ are given by
The numerical values of the involved parameters are given by [9, 15] ;
Results
In Table 1 we have displayed the present experimental status of different branching ratios of our concern. 
Decay modes Branching fractions D
) and the experimental upper limits on different LFV τ decays at 90% C.L. We have quoted numbers cited in Particle Data Group [9] , although slightly stronger constraints in some channels exist [16] . The expected reach at the SuperB factory with 75 ab
and τ − → µ − η channels are 2 · 10 −10 and 4 · 10 −10 , respectively -see the SuperB conceptual design report [17] .
Existing limits on λ ′ : We reiterate that all our processes are driven by λ , the limit being 0.9 at 90% C.L. [3] . 1 It is interesting to observe that the 2σ upper limit λ ′ 22k < 0.16 obtained in [18] with R D 0 = 0.84 ± 0.12 is not much different from the latest update λ ′ 22k < 0.1 at 2σ form = 100 GeV using R D 0 = 0.92 ± 0.04 [3] . In spite of a significant reduction of the error on R D 0 (over a period of 14 years), the 2σ upper limit on λ ′ 22k remained more or less the same because the central value gradually moved towards unity.
Our parameters: Recall that maximal mixing between ν µ and ν τ motivated us to assume λ -induced contribution to the latter is well below the current experimental sensitivity -see Eq. (4). The vertical line indicates 2σ lower limit of the branching ratio -see Table 1 .
Contribution to (g − 2) µ : Following Eq. (5), we obtain
In Fig. 6 , we have plotted the correlation between contribution to (g − 2) µ along one axis and the branching ratio of D s → µν along the other. We note here that the R-parity conserving contribution to (g − 2) µ can be sizable too for large tan β. In fact, an approximate expression for tan β ≫ 1 can be found in [19] as
(27) LFV τ decays: The approximate (yet, to a very good accuracy) expressions of the LFV form-factors with their explicit dependence on λ ′ andm (the other parameters are all known) are as follows:
Since each box has four λ ′ -vertices, B L and D L have both quartic sensitivity to λ ′ , while the penguin form-factors have quadratic dependence on λ ′ . Using the expressions in Eq. (28), we calculate the branching ratios to a very good approximation as
Br(τ → µγ) ≃ 1.0 · 10
(31)
In Eq. (29), the first term within the square bracket is the pure penguin contribution, the second term represents interference between penguin and box graphs, while the last term is the pure box contribution. As explained before, the λ ′ dependence is different for different terms. Also, by comparing Eq. (30) with Eq. (29), we observe that for the same choices of λ ′ andm the prediction of Br(τ → µγ) is one order of magnitude enhanced compared to Br(τ → µµµ). This happens primarily because the latter is a 3-body decay which involves more suppression factors which cannot compensate the fact that |A R | ≃ |A L | /33. Figs. 7a and 7b capture the numerical correlations. We observe that the region allowed at 2σ by D s → τ ν overshoots the 90% C.L. upper limit of the branching ratio of τ → µµµ. Obviously, the same thing happens for τ → µγ. However, we should keep in mind that the branching ratio of D s → ℓν (ℓ = τ in the present context) has not only an experimental uncertainty, but also inherits a theoretical uncertainty from f Ds . Even by mild stretching of one or both of these uncertainties beyond 2σ, it is possible to accommodate both τ → µµµ and τ → µγ. in the right panel. The vertical line in each plot corresponds to 2σ lower limit of the Ds branching ratio, while the horizontal lines are the 90% C.L. upper limits of the LFV τ decay branching ratios -see Table 1 .
New Limit: The upper limit on τ → µγ branching ratio (see Table 1 ) restricts λ ′ < 0.3. Our limit is stronger than before and, without any need of the assumption λ 
Since the D s branching ratios require λ ′ > (0.3 − 0.4) at 2σ (or 90% C.L.), to avoid conflict with Eq. (33) we need to stretch the present limits, as already mentioned. If we fix λ ′ = 0.3, the prediction for the branching ratio of τ → µµµ is ∼ 1.2 · 10 −8 , which is roughly a factor of 3 below the current sensitivity, but still very much within the reach of the superB factory with 75 ab −1 projected luminosity. If, however, τ → µγ remains elusive even at superB, then as per our prediction, τ → µµµ is not going to be observed either.
The branching ratio of τ → µP , expressed in Eq. (23), contains contributions from box (the D L part) and penguin (the F L part). The box contribution is significantly more dominant than the penguin. We display the approximate numerical values of the branching ratios for P = η and η ′ in Eqs. (31) and (32), respectively. The dependences on λ ′ andm are similar as both processes involve similar box graphs. As expected, these modes are not as constraining as τ → µγ.
If we put λ ′ = 0.3, the branching ratios for the η and η ′ modes are predicted to be around 4 · 10 −10 , i.e. two orders of magnitude below the present sensitivity, but within the accuracy expected to be reached at the superB factory with 75 ab −1 luminosity. Again, a positive signal at SuperB necessarily requires an observation of τ → µγ at the current sensitivity. The numerical correlations of τ → µη and τ → µη ′ decay modes with the D s → τ ν branching fraction have been plotted in Fig. 8 . 
Comparison with previous works and conclusions
We divide this section in three parts: (i) we briefly mention about the existing studies on R-parity conserving supersymmetric contribution to LFV τ decays, (ii) remark on the previous works on R-parity violating contributions to lepton flavor violation, and finally (iii) highlight the new things that we have done in this work.
(i) LFV decays have been analyzed in supersymmetric scenarios with conserved R-parity but with different sets of supersymmetry breaking parameters. In a class of scenarios where minimal supersymmetry is augmented by three righthanded neutrino superfields for generating neutrino masses via see-saw mechanism, it has been shown [14, 20] that large neutrino Yukawa couplings induce large flavor violation in the slepton sector which is ultimately transmitted to the LFV observables. The general conclusion is that light supersymmetry (m 0 , M 1/2 < 250 GeV) is disfavored. Large LFV branching ratios (with large tan β ∼ 50) can be obtained when light neutrino masses are hierarchical. In general, τ → µγ is the most sensitive LFV channel, but to explore the Higgs sector τ → µη and τ → µη ′ channels are more effective. It has been shown that in a general unconstrained minimal supersymmetric framework [21] , for low tan β ∼ 3, the branching ratio in the τ → µµµ channel is O(10 −9 ) and in the τ → µη(η ′ ) channel less than 10 −10 . On the other hand, for large tan β ∼ 50 and for small pseudo-scalar mass (m A ), the Higgs mediated contributions are extremely dominant. In the latter case, indeed with strong fine-tuning of parameters, Br(τ → µµµ) is enhanced to O(10 −7 ) and Br(τ → µη) to even larger values. In supersymmetric models embedded in minimal SO(10) group [22] , the LFV branching ratios are, however, several orders of magnitude below the present experimental sensitivities.
(ii) RPV induced LFV processes have been studied in the past in different contexts [23] . Except ℓ i → ℓ j γ, all other LFV processes considered there proceed at tree level with appropriately chosen RPV couplings. The choices of such couplings are, in general, different in different processes. Their primary intentions were to put upper limits on different single and product couplings by confronting LFV observables with experimental results. and λ ′ 323 only), motivated primarily by their ability to explain the large D s → ℓν (ℓ = µ, τ ) branching ratios. We set these two couplings equal, a choice inspired by maximal ν µ -ν τ mixing. We have kept the sparticle mass fixed at 300 GeV. Explanation of D s → µν(τ ν) branching ratios require λ ′ > 0.3(0.4) at 90% C.L. On the other hand, τ → µγ with an upper limit of 4.5 · 10 −8 on its branching ratio at 90% C.L. offers the most sensitive LFV probe of the RPV dynamics, and sets an improved upper limit λ ′ < 0.3 at 90% C.L. Enhanced theoretical and experimental accuracies in the D s → ℓν channels might eventually release the tension between the apparently conflicting requirements. Putting λ ′ = 0.3, we obtain Br(τ → µµµ) ∼ 1.2 · 10 −8 , and Br(τ → µµµ) ÷ Br(τ → µη/η ′ ) ≃ 30. The correlation plots capture the underlying dynamics. To sum up, instead of considering just one experimental observation at a time, be it an anomaly or an excess vis-à-vis the SM expectation, providing a raison d'être for one set of new interactions, we have studied the possibility of correlated enhancements in a variety of LFV channels using just two RPV couplings. We demonstrated our results through 'observable versus observable' plots.
